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(54) Ballast with balancer transformer for fluorescent lamps

(57)  The invention relates to a circuit arrangement

for igniting and operating at least two discharge lamps, Ky
provided with 1[
Nwa
- input terminals (K1,K2) for connection to a supply | Pl I T
voltage source, , K3 A
- means | (SC, 81, S2) coupled to the input terminals L___?[ 5,
for generating a high-frequency voltage from a sup- LAT —LA2

ply voltage delivered by the supply voltage source,
- aload branch B coupled to the means | and com-
prising K] . K [

[Ree—]

- a first branch A comprising first terminals
(K3,K3") for accommodating a discharge lamp K
and a first inductive element L1,

- asecond branch C shunting the first branch A
and comprising further terminals (K4,K4") for FIG.1
accommodating a discharge lamp and a sec-
ond inductive element L2 which is magnetically
coupled to the first inductive element L1, and

1l
s

- means Il for limiting the voltage across branch A
and branch C to a first value during the ignition of
the discharge lamps.

According to the invention, the circuit arrangement
is in addition provided with means Ill for limting the volt-
age across branch A and branch C to a second value
after the ignition of one of the discharge lamps. The
occurrence of ignition voltages of very high amplitude
across the discharge lamp igniting last is prevented
thereby.
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Description

The invention relates to a circuit arrangement for
igniting and operating at least two discharge lamps, pro-
vided with

- input terminals for connection to a supply voltage
source,

- means | coupled to the input terminals for generat-
ing a high-frequency voltage from a supply voltage
delivered by the supply voltage source,

- aload branch B coupled to the means | and com-
prising

- a first branch A comprising first terminals for
accommodating a discharge lamp and a first
inductive element L1,

- asecond branch C shunting the first branch A
and comprising further terminals for accommo-
dating a discharge lamp and a second induc-
tive element L2 which is magnetically coupled
to the first inductive element L1, and

- means Il for limiting the voltage across branch A
and branch C to a first value during the ignition of
the discharge lamps.

Such a circuit arrangement is known from USP
4,441,054. The known circuit arrangement is suitable
for operating two discharge lamps. The first inductive
element L1 and the second inductive element L2
together form a balancer transformer. This balancer
transformer achieves during lamp operation that the
currents through the two discharge lamps are approxi-
mately equal. This is important especially when the cir-
cuit arrangement offers the possibility of dimming the
discharge lamps, since otherwise the luminous fluxes of
the discharge lamps may differ considerably in the
dimmed state, which is regarded as undesirable in
many applications. ltis a disadvantage of the known cir-
cuit arrangement, however, that with one of the dis-
charge lamps ignited and the other discharge lamp not
yet ignited during the ignition phase a voltage with a
very high amplitude is present across said other dis-
charge lamp. Such a very high voltage conflicts with the
safety requirements such as, for example, those formu-
lated in IEC 928. A second disadvantage is that in this
situation a current with a comparatively high amplitude
flows through the inductive element forming part of the
branch in which the already ignited discharge lamp is
present. The balancer transformer should be dimen-
sioned such that no saturation of the balancer trans-
former occurs at a result of this current of comparatively
high amplitude because otherwise current pulses will
arise which will considerably shorten the lives of at least
part of the components from which the circuit arrange-
ment is built up. The result of this is that the balancer
transformer in the known circuit arrangement is a com-
paratively voluminous and expensive component.
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It is an object of the invention to provide a circuit
arrangement for operating and igniting at least two dis-
charge lamps with which the currents through the two
discharge lamps can be kept substantially equal to one
another, while no voltage of very high amplitude arises
across one of the discharge lamps during the ignition of
the discharge lamps and the occurrence of a current of
very high amplitude through one of the inductive ele-
ments is avoided.

According to the invention, a circuit arrangement as
described in the opening paragraph is for this purpose
characterized in that the circuit arrangement is in addi-
tion provided with means Ill for limting the voltage
across branch A and branch C to a second value after
the ignition of one of the discharge lamps.

Through a suitable choice of the second value, and
in spite of the fact that considerable voltages are
present across the inductive elements after the ignition
of one of the discharge lamps, it is avoided that the voli-
age across the not (yet) ignited discharge lamp reaches
a very high value, so that the circuit arrangement is
comparatively safe for a user. A suitable choice of the
second value also has the advantage that the voltages
across the inductive elements after ignition of one of the
discharge lamps do not become so high that the bal-
ancer transformer must be of a comparatively large con-
struction in order to avoid saturation of the balancer
transformer during ignition.

The high-frequency voltage present across branch
A and branch C is related to the high-frequency voltage
present across each of the inductive elements. With nei-
ther of the discharge lamps in the ignited state, no cur-
rent will flow through the inductive elements, so that
substantially no voltage is present across the inductive
elements. High-frequency currents flow through the two
inductive elements when the two discharge lamps have
ignited. Each of these high-frequency currents gener-
ates a voltage across one of the inductive elements as
a result of the finite impedance of this inductive element
to the high-frequency current. The magnetic coupling
between the two inductive elements transforms the volt-
age across each of the inductive elements to the other
inductive element. The inductive elements are so con-
structed that the voltage present across each inductive
element as a result of the finite impedance to the high-
frequency current is substantially compensated by the
voltage present across the inductive element as a result
of the magnetic coupling with the other inductive ele-
ment. As a result of this, the voltage across the inductive
elements is again substantially equal to zero when both
discharge lamps are ignited. When one of the discharge
lamps is ignited and the other discharge lamp is not,
however, a high-frequency current will flow through the
inductive element forming part of the branch in which
the ignited discharge lamp is present, so that a high-fre-
quency voltage is present across this inductive element.
This high-frequency voltage induces a high-frequency
voltage across the other inductive element again via the
magnetic coupling between the two inductive elements.
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A voltage is present across the inductive elements
which differs substantially from zero only in the situation
in which one of the discharge lamps is ignited and the
other discharge lamp is not. A limitation of the voltage
across branch A and branch C may accordingly be real-
ised in a comparatively simple manner when the means
Il comprise means for limiting the voltage across one of
the inductive elements L1 and L2. The means for limit-
ing the voltage across one of the inductive elements will
operate exclusively when only one of the discharge
lamps is ignited. Since a limitation of the voltage across
one of the inductive elements achieves a limitation of
the voltage across branches A and C, it is achieved in a
simple manner that a limitation of the voltage across
branches A and C to the second value is only effected
when only one of the discharge lamps is ignited.

Good results were achieved with practical embodi-
ments of a circuit arrangement according to the inven-
tion in which the means | comprise a bridge circuit
and/or in which the means Il are provided with means
for controlling the frequency of the high-frequency volt-
age.

An embodiment of the invention will be explained in
more detail with reference to a drawing, in which

Fig. 1 is a diagram of an embodiment of a circuit
arrangement according to the invention, with two
discharge lamps connected thereto, and

Fig. 2 shows a portion of the circuit arrangement of
Fig. 1 in more detail.

In the embodiment shown in Fig. 1, K1 and K2 form
input terminals for connection to a supply voltage
source. This supply voltage source must deliver a DC
voltage in the present case. Switching elements S1 and
S2 together with circuit portion SC form means | for gen-
erating a high-frequency voltage from the DC voltage.
Circuit portion SC forms a trigger circuit for generating a
high-frequency control signal for rendering the switching
elements S1 and S2 conducting and non-conducting
with high frequency. Ballast coil L, capacitor C1, first ter-
minals for accommodating a discharge lamp K3 and
K3', further terminals K4 and K4' for accommodating a
discharge lamp, and inductive elements L1 and L2
together form a load branch B. Discharge lamp LA1 and
discharge lamp LA2 are connected to the first and the
further terminals for accommodating a discharge lamp,
respectively. Branch A is formed by a series arrange-
ment of terminal K3, discharge lamp LA1, terminal K3,
and inductive element L1. Branch C is formed by a
series arrangement of terminal K4, discharge lamp LA2,
terminal K4', and inductive element L2. The inductive
elements L1 and L2 both comprise a number of turns of
copper wire around the same magnetizable core. The
number of turns of inductive element L1 is equal to the
number of turns of inductive element L2, but the winding
direction of the turns of inductive element L1 is opposed
to that of inductive element L2. The two inductive ele-
ments are magnetically coupled to one ancther via the

10

15

20

25

30

35

40

45

50

55

magnetizable core and together form a balancer trans-
former. Circuit portion Il in this embodiment forms
means |l for limiting the voltage across branch A and
branch C to a first value during the ignition of the dis-
charge lamps. Circuit portion 11l forms means I for lim-
iting the voltage across branch A and branch C to a
second value after the ignition of one of the discharge
lamps. The means lll in this embodiment are con-
structed as means for limiting the voltage across induc-
tive element L2.

Input terminals K1 and K2 are interconnected by a
series circuit of switching element S1 and switching ele-
ment S2. Outputs of circuit portion SC are coupled to
respective control electrodes of switching element S1
and switching element S2. These couplings are indi-
cated in Fig. 1 with broken lines. Switching element S2
is shunted by a series arrangement of ballast coil L and
capacitor C1. Capacitor C1 is shunted by branch A and
by branch C. An input of circuit portion Il is connected to
a common junction point of branch A and ballast coil L.
An output of circuit portion Il is connected to an input of
trigger circuit SC. An input of circuit portion Il is con-
nected to a common junction point of inductive element
L2 and terminal K4'. An output of circuit portion Il is
connected to the input of trigger circuit SC.

The operation of the embodiment shown in Fig. 1 is
as follows.

When the input terminals K1 and K2 are connected
to a supply voltage source, the trigger circuit SC renders
the switching elements S1 and S2 alternately conduct-
ing and non-conducting with high frequency. A high-fre-
quency voltage is present across branch A and branch
C as a result of this. During a first part of the ignition
phase, the two discharge lamps have not yet ignited, i.e.
immediately after switching-on of the circuit arrange-
ment. The means Il limit the voltage across branches A
and C to a first value during this first part of the ignition
phase. This is done in the present example in that the
means Il control the frequency of the control signal via
the trigger circuit SC such that the voltage across
branch A and branch C does not exceed the first value.
The ignition of one of the discharge lamps marks the
transition from the first part of the ignition phase to a
second part of the ignition phase. Assuming discharge
lamp LA1 to be ignited, a high-frequency current will
flow in inductive element L1 during this second part of
the ignition phase, and a high-frequency voltage will be
present across inductive element L1. Owing to the mag-
netic coupling between inductive element L1 and induc-
tive element L2, a high-frequency voltage is also
present across inductive element L2, the amplitude of
which is substantially equal to the amplitude of the high-
frequency voltage across inductive element L1, while
the phase is substantially opposed to that of the high-
frequency voltage across inductive element L1. This
means that the high-frequency voltage across the
inductive element L2 is also strongly phase-shifted rela-
tive to the high-frequency voltage across branch A and
branch C. If the circuit arrangement were not provided
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with means Ill according to the invention, the means ||
would maintain the voltage across branch A and branch
C at the first value also after the ignition of one of the
discharge lamps. The amplitude of the high-frequency
voltage across inductive element L2 would have a com-
paratively great amplitude as a result of this. The com-
paratively great amplitudes of the high-frequency
voltage across branch C and the high-frequency voltage
across inductive element L2 in combination with the
strong phase shift between these two high-frequency
voltages would lead to a strong increase in the ampli-
tude of the high-frequency voltage across the discharge
lamp LA2. In the embodiment shown in Fig. 1, however,
the means Il limit the voltage across inductive element
L2, and thus the voltage across branch A and branch C,
during the second part of the ignition phase in that the
means |l control the frequency of the control signal via
the trigger circuit SC such that the voltage across
branch A and branch C does not exceed the second
value. Since the amplitudes of the high-frequency volt-
ages across branch C and across inductive element L2
are limited, the amplitude of the high-frequency voltage
across discharge lamp LA2 is also limited. A suitable
choice of the second value, and thus also of the value to
which the voltage across inductive element L2 is limited,
can achieve that the amplitude of the high-frequency
voltage across the discharge lamp(s) is approximately
the same in the first and in the second part of the igni-
tion phase.

In Fig. 2, circuit portion Il is formed by ohmic resis-
tors R1 and R2, capacitors C2 and C4, diodes D1 and
D2, and control circuit RC. Circuit portion Il is formed by
ohmic resistors R3 and R4, capacitors C3 and C4,
diodes D3 and D4, and control circuit RC. Further termi-
nal K4 is connected to input terminal K2 via a series
arrangement of ohmic resistor R1, capacitor C2, and
ohmic resistor R2. A common junction point of ohmic
resistor R2 and capacitor C2 is connected to a cathode
of diode D1 and an anode of diode D2. A cathode of
diode D2 is connected to a cathode of diode D3 and a
first side of capacitor C4. A further side of capacitor C4
is connected to an anode of diode D1 and to input termi-
nal K2. Further terminal K4' is connected to input termi-
nal K2 via a series arrangement of ohmic resistor R3,
capacitor C3, and ohmic resistor R4. A common junc-
tion point of ohmic resistor R4 and capacitor C3 is con-
nected to a cathode of diode D4 and an anode of diode
D3. The further side of capacitor C4 is connected to an
anode of diode D4. The first side of capacitor C4 is con-
nected to a first input of the control circuit RC. A further
input of the control circuit RC is connected to a terminal
K5 at which a reference voltage Vref is present during
operation of the circuit arrangement, generated by
means not shown in Fig. 2. An output of control circuit
RC is connected to the input of trigger circuit SC.

The operation of the portion of the embodiment of
Fig. 1 shown in Fig. 2 is as follows. When the circuit
arrangement is operational and neither lamp LA1 nor
LA2 has ignited, the high-frequency voltage between
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further terminal K4 and input terminal K2 (= the high-fre-
quency voltage across branch A and branch C) has a
comparatively great amplitude, so that also the voltage
across ohmic resistor R2 has a comparatively great
amplitude. Capacitor C4 is charged during this phase of
lamp operation up to a voltage which is substantially
equal to the maximum amplitude of the voltage across
ohmic resistor R2. If the voltage across capacitor C4
rises to a value which is substantially equal to the refer-
ence voltage Vref present at terminal K5, the frequency
and/or duty cycle of the control signal generated by the
trigger circuit SC is influenced via the control circuit RC
such that the amplitude of the voltage across branch A
and branch C does not rise any further. Before the first
discharge lamp ignites, the amplitude of the high-fre-
quency voltage between further terminal K4' and input
terminal K2 (= the high-frequency voltage across the
inductive element L2) is comparatively low, so that the
same holds for the amplitude of the voltage across
ohmic resistor R4, and the capacitor C4 is not charged
by the voltage across ohmic resistor R4. After one of the
discharge lamps has ignited, the voltage across branch
A and branch C decreases further, while the voltage
across the inductive element L2 rises steeply, so that
also the voltage across ohmic resistor R4 rises strongly,
and capacitor C4 is charged up to a voltage which is
substantially equal to the maximum amplitude of the
voltage across ohmic resistor R4. If the voltage across
capacitor C4 rises to a value substantially equal to the
reference voltage Vref present at terminal K5, the fre-
quency and/or the duty cycle of the control signal gener-
ated by the trigger circuit SC is influenced via the control
circuit RC such that the amplitude of the voltage across
the inductive element L2, and thus the voltage across
the not yet ignited discharge lamp, do not rise any fur-
ther. Capacitor C2 and capacitor C3 act as DC decou-
pling capacitors. The resistance values of ohmic
resistors R1, R2, R3 and R4 are so chosen that the lim-
itation of the voltage across branch A and branch Cto a
first value and subsequently to a second value can be
realised with a single reference voltage.

The rms value of the ingition voltage during the first
part of the ingition phase was measured to be approxi-
mately 500 V in a practical realisation of the embodi-
ment shown in Fig. 1 with which two low-pressure
mercury discharge lamps with a power rating of 50 W
can be ignited and operated. When the means lll were
purposely deactivated, the RMS value of the ignition
voltage across the not yet ignited discharge lamp was
approximately 1,000 V during the second part of the
ignition phase. The rms value of this voltage was
approximately 580 V when the means Ill did limit the
voltage across the not yet ignited discharge lamp.

Claims

1. A circuit arrangement for igniting and operating at
least two discharge lamps, provided with
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- Input terminals for connection to a supply volt-
age source,

- means | coupled to the input terminals for gen-
erating a high-frequency voltage from a supply
voltage delivered by the supply voltage source, 5

- a load branch B coupled to the means | and
comprising

- afirst branch A comprising first terminals
for accommodating a discharge lamp and 70
a first inductive element L1,

- a second branch C shunting the first
branch A and comprising further terminals
for accommodating a discharge lamp and
a second inductive element L2 which is 715
magnetically coupled to the first inductive
element L1, and

- means Il for limiting the voltage across branch
A and branch C to a first value during the igni- 20
tion of the discharge lamps,
characterized in that the circuit arrangement is
in addition provided with means Il for limting
the voltage across branch A and branch Cto a
second value after the ignition of one of the dis- 25
charge lamps.

2. A circuit arrangement as claimed in Claim 1,
wherein the means Il comprise means for limiting
the voltage across one of the inductive elements L1 30
and L2.

3. Adircuit arrangement as claimed in any one or sev-
eral of the preceding Claims, wherein the means |
comprise a bridge circuit. 35
4. Acircuit arrangement as claimed in any one or sev-
eral of the preceding Claims, wherein the means Il

are provided with means for controlling the fre-
quency of the high-frequency voltage. 40
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